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Abstract 
Processes of product life cycles are traditional objects of automaton in designing of digital manufacturing. Changes in design and technological 
solutions require changes of technical and technological management abilities of production system of the enterprise. Each product being 
manufactured generates its own set of requirements to production system. To satisfy these requirements, the system has to be highly flexible. 
For the system to be ready to manufacture products of given range, information links are required between production system life cycle and life 
cycles of manufactured products. Life cycle of production system has several features. For example, the usage stage of the system includes 
design (technical renewal, upgrade), as well as construction and recycling. The work has set information links between processes taking part at 
usage stage of production system and processes taking part at design and production stages of manufactured products. This allowed spending 
30 to 40 percents less time to start manufacturing new types of products. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Successful operation of modern machine-building 
enterprises highly depends on their ability to rapidly adapt to 
manufacture new types of products [1] 
Change of range of manufactured products or their 
manufacturing schedule also requires change of technical, 
technological and management capabilities of enterprise's 
production system. 
Each manufactured product generates its unique set of 
technologically necessary requirements to enterprise's 
production system, and in order to satisfy them, the production 
system has to be highly flexible. And each time such 
adaptation has to be performed without stopping of 
manufacturing of current products [2]. 
The technically necessary requirements are formulated at 
design stage of product life cycle, according to existing 
technological and management-related decisions, and current 
technical capabilities of manufacturing systems are not fully 
taken into account. 
Digital multi-range manufacturing is a system that includes 
complex information links. Technological planning to 
manufacturing of a new product causes these links to change, 
which, in turn, often reduces efficiency of manufacturing of 
specified product range. 
To ensure systems thinking during preparation to 
manufacturing of new products, it is required to harmonize 
control of life cycles of both the manufactured products and 
the production system itself [3]. 
2. Specific features of production system life cycle 
Production systems are complex technical units, and their 
life cycles consist of stages that exist in life cycles of any 
other products: design, manufacturing (construction), usage 
and recycling. 
Unlike products of machine-building, production systems 
are regularly adapted during their life cycles. This adaptation 
is required to manufacture new products. Inside the whole 
enterprise's production system, a smaller system is generated, 
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dedicated to manufacturing of the new product. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Stages of enterprise's production system life cycle 
This allows concluding that the usage stage of production 
system life cycle includes smaller cycles, each of which 
consist of same types of stages: design, manufacturing 
(construction), usage and recycling (Fig. 1). 
At the design stage of enterprise's production system, it 
becomes known which such smaller systems are required for 
manufacturing process of each product. They, in turn, include 
subsystems consisting of technological, transportation and 
warehouse equipment used for manufactured of each product. 
If manufacturing process is controlled automatically, 
corresponding control equipment also becomes included into 
the production system involved in this process. 
The construction stage of production system in many cases 
includes removal of equipment, utility networks, etc, therefore 
in this case construction and recycling stages are combined. 
3. Information links within life cycle of enterprise's 
production system, as well as life cycles of manufactured 
products 
Top repare the existing production system to manufacture 
products of specified range; it is required to ensure 
information interaction of life cycle processes of enterprise's 
production system and products being manufactured. 
Design stage includes generation of project solutions 
dedicated to equipment choice, production area layout, staff 
selection, and control system for the production system being 
designed. 
The project solutions are chosen according to one of the 
following possible cases: 
1. Technical capabilities of manufacturing equipment have 
all the capabilities technically required to manufacture the 
product, or 
2. This condition is not met. 
The project solutions in the first case define setup of the 
equipment, including change of tooling and machining modes. 
Practical implementation of these solutions is reduced to 
equipment setup. 
In the second case, project solutions may define change of 
equipment set, technological layouts, equipment control 
system, and also solutions generated in the first case. 
Information links are established between processes taking 
place at designing and construction/recycling stages of the 
process-related production system life cycle, as well as design 
and manufacturing stages of the product life cycle (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Information links within life cycles of process production system and 
product 
To ensure efficiency of product manufacturing, common 
control of processes taking place at design stage of product 
life cycle and usage stage of process production system life 
cycle has to be established. 
Process production systems are generated by defining of 
corresponding logistical links between workplaces. This is 
done to perform the production task. In case of multi-product-
range manufacturing, their usage period may last several shifts 
[3]. 
After task is completed, the process production system is 
recycled. When first case project solutions are implemented, 
other links between workplaces are established, thus 
generating new process production systems. Therefore, new 
process production systems containing first case project 
solutions are defined for multiple workplaces of enterprise's 
production system PSen, and can be considered virtual (Fig 3). 
Process production system PSi for i-th product can be 
presented as a vector: 
𝑃𝑆௜ = {𝑇𝑠𝑠௜ , 𝑇𝑤௜,𝑊ℎ௜} = ⋃ 𝑊௜௞௡௞ୀଵ             (1) 
where Tssi means workplaces of technological subsystem 
of production system for manufacturing of i-th product; 
Twi means workplaces of transport subsystem of process 
production system for manufacturing of i-th product; 
Whi means workplaces of warehouse subsystem of process 
production system for manufacturing of i-th product; 
Wi k means workplaces of process production system for 
manufacturing of i-th product. 
For implementation of first case project solution, the 
following condition is met: 
𝑃𝑆௜(ଵ) = ⋃ 𝑊௜௞ ∈ 𝑃𝑆௘௡ = ⋃ 𝑊௘௡ே௘௡ୀଵ௡௞ୀଵ             (2) 
where Wen means workplaces of enterprise's production 
system. 
During implementation of second case project solutions, 
the process production system PSi(2) includes new workplaces 
Wif not belonging to enterprise's production system: 
𝑊௜௙ ⋃𝑊௘௡ = 𝑃𝑆௜(ଶ)                                          (3) 
The process production system includes workplaces bound 
by management to different production departments.  
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Fig. 3. Information links within designing processes of product and process 
production system 
Technical capabilities of these workplaces have to meet the 
requirements defined by technological process generated at 
designing stage of product life cycle. 
Technological processes, in turn, are generated according 
to technical requirements defined by design solutions and 
economical parameters. 
Technical requirements unmatched with technical 
capabilities of enterprise's production system cause increase of 
resources being spent to design and construct process 
production system. 
In order to reduce the amount of resources spent to design 
and construct process production system, it is recommended to 
use first case project solutions whenever possible. 
This requires matching of generated design-related and 
technological solutions at design stage of product life cycle 
with project solutions generated at design stage of process 
production system. 
The diagram of information interaction is shown at Fig. 3. 
4. Logistical and production processes modelling in jet-
engine manufacturing 
Logistical processes in the jet-engine manufacturing 
facility play a significant role in providing competitiveness of 
the production system. Traditional elements of the logistical 
processes include material flow planning, supply chain 
control, operations scheduling, equipment capacities 
balancing, etc. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Aerospace facility shop-floor layout 
One way to obtain an estimate the effectiveness of the 
scheduling is the “in-cycle parallelism” (ICP) indicator which 
shows the ratio for an order of the sum of its equipment 
utilization times to its throughput time. This indicator is 
suitable for use comparing orders with uniform processing 
times with respect to their throughput characteristics. 
Logistical system of the shop-floor in a modern jet-engine 
manufacturing facility is a complex interconnection of semi-
finished parts, secondary material and information flows (Fig. 
4). 
Practical logistical problems often contain nonlinearities, 
combinatorial relationships and uncertainties that cannot be 
modelled effectively by simply listing an objective and a 
collection of constraints in the "approved mathematical 
programming manner." Many of these complexities can only 
be captured by resorting to simulation - an outcome that poses 
grave difficulties for classical optimization methods. In such 
situations, typically the only recourse available is to itemize a 
series of scenarios in the hope that at least one will give an 
acceptable solution. Consequently, a long-standing goal in 
both the optimization and simulation communities has been to 
create a way to guide a series of simulations to produce high 
quality solutions. Such an objective is essential to cope with 
the fact that many real world production process flow 
problems are beyond the solution capabilities of traditional 
mathematical optimization systems [4]. 
Application of the developed production process model to 
the manufacture of gas-turbine compressor blades allowed to 
optimize the manufacturing process structure and the material 
flow between the operations with the end result of total 
production lead time reduction [5]. 
The transportation distances of performs and semi-finished 
parts have been reduced by creating closed cycle production 
chains for selected part families which form the bulk of the 
production volume [6]. 
Conclusion 
Information links are set between processes taking place at 
usage stage of enterprise's production system life cycle and 
processes taking place at design and production stages of life 
cycles of manufactured products. 
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To ensure information interaction between life cycles of 
enterprise's production system and manufactured products, 
integration of digital-based manufacturing technologies and 
digital design and management technologies is required. This 
allows 30 to 40 percent reduction of design and construction 
stages of process production system. 
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